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@ Cast-ln-place iron-based cylinder liners. 

@ A cast-jn-place liner construction useful in 
tow pressure casting of hollow aluminium parts. 
The construction has an iron-based cylindrical 
tKxJy with a surfoce (10) thereof imprinted with 
a repeating pattern of crossed groups (12,13) of 
relief grooves (14), each groove (14) forming a 
helix along such surface, the spacing between 
such grooves and the depth of such grooves 
being uniformly controlled to permit the 
grooves to act as molten aluminium runners 
during low pressure casting of the aluminium 
that facilitates layingnip of the aluminium along 
the entire surface. Also, a method of deploying 
such liner, comprising : (a) imprinting a cylin- 
drical surface of a sleeve designed to Interface 
with cast adunrunium thereagainst, the imprint- 
ing providing a quQted pattern of sliallow cros- 
sing grooves sized and spaced to promote 
transfer of molten aluminium during low press- 
ure fflling of the mould containing such sleeve ; 
and (b) plantirtg the liner in such mould and 
introducing aluminium thereagainst at a low 
pressure to form a desired aluminium casting. 
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This invention relates to cast-tn-place iron based 
liners and a method of casting an aluminium cylinder 
block having such liners 

The bonding of Iron-based elements to a sur- 
rounding mass of lighter weight metal has been a con- 
tinuing problem for products that are subject to high 
operating temperatures such as an aluminium inter- 
nal combustion engine block having Iron-based 
liners. 

The prior art has followed essentially one of two 
paths for solving the problem: metallurgical bonding 
or mechanical bonding. Metallurgical bonding, al- 
though It is not thoroughly understood, has proved 
unsuccessful possibly because the lighter weight 
metal, such as aluminium, has a strong tendency to 
chill and form an oxide f Hm at the interface In at least 
some minor zone. In complex castings, such as alu- 
minium engine blocks having intricately-shaped water 
jackets and a number of thin- walled cylinder walls, 
the abOity to keep the aluminium at a sufficiently high 
temperature, at 100% of the interface with a liner, is 
extremely difficult As the aluminium fully solkiif ies. it 
moves away (shrinks) and thus detamlnates in at 
least such minor zone. As a result, there Is a degraded 
heat transfer characteristic for the block that prevents 
such technique from being used commercially. At 
best, there is only 80-85% lay-up of the aluminium 
along the Iron-based liner interface wall. 

For metallurgical bonding, intermediate coatings 
of zinc alloys (see U.S. patent 2,834,469) have been 
suggested, but have been economically unsatisfacto- 
ry for large-scale production of engine blocks. 

As a hybrid, some form of mechanical bonding 
has been attempted by the prior art to add to the re- 
sulting metallurgteal bond that may be attained. In 
one example (U.S. patent 3,069,209), the Interfacing 
surface of the casting Iron liners has been roughened 
by spiny protrusions when such liners are initially 
formed by casting; such protrus'ions act as longitudi- 
nal and circumferential mechanical bonds when alu- 
minium Is cast under high pressure (die-cast) there- 
around. High pressure Is always required to move the 
aluminium across such protrusions and still achieve 
lay-up of aluminium against the original outer wall of 
the liner. The machined smooth wall of the liner be- 
comes the valleys between the protrusions. Because 
of the need for quick high pressure mould filling to 
prevent premature freezing, such technique is irr>* 
practical when casting aluminium engine blocks by 
low pressure (in the range of 2-5 psi), and mould fill- 
ing times take an average of one-half minute. 

In another hybrid example (U.S. patent 
3,401,026), an irregular outer surface of a cast iron 
liner for an aluminium brake drum was used to aug- 
ment any cylindrical bond existing by casting the liner 
In place. There was no disclosure of the type of irreg- 
ular surface employed, but there was consMerable 
disclosure as to the need for high sonic vibration of 



the molten aluminium during casting to create an in- 
tensive cavitatton field that forces aluminium along 
the Irregular surface to achieve good wetting. Such 
vibratory apparatus would be impractical for casting 
5 an aluminium engine block with a multiplicity of inter- 
nal liners. 

What is needed is a method that achieves essen- 
tially 100% lay-up of the molten aluminium against 
the outer surface of the iron-based liner cast-in-place 

10 within an aluminium block by low pressure casting 
techniques, such method not requiring any extra 
coatings or special equipment during casting to ach- 
ieve such result 

In a first aspect, the invention is a cast-in-place 

IS liner construction useful In low pressure casting of 
hollow aluminium parts, the construction is charac- 
terised by an iron-based cylindrical t>ody having a sur- 
face thereof imprinted with a repeating pattern of 
crossed groups of relief grooves, each groove fornn- 

20 ing a hePix along such surface, the spacing between 
such grooves and the depth of such grooves being 
uniformly controlled to permit the grooves to act as 
molten aluminium runners during low pressure cast- 
ing of the aluminium that facilitates laying-up of the 

25 aluminium along the entire surface. 

The grooves advantageously will have a depth in 
the range of .02-.04 inch; the spacing between 
grooves is advantageously .20-.30 Inch; and a width 
for each of such grooves in the range of .02-.04 inch. 

30 Preferably, the included angle between intersecting 
groups of grooves is in the range of 35-55*". Prefer- 
ably, the imprinted surface Is the outer cylindrical sur- 
face of the liner while the Inner cylindrical surface 
thereof is smooth. 

35 A second aspect of this inventbn is a casting 

method deploying such liner, the method comprising: 
(a) Imprinting a cylindrical surface of a sleeve that Is 
designed to interface with cast aluminium therea- 
gainst, the imprinting providing a quilted pattern of 

40 shallow grooves, such grooves being sized and 
spaced to promote transfer of molten aluminium dur- 
ing low pressure filling of the mould containing such 
sleeve; and (b) planting the liner in such mould and 
introducing aluminium thereagainst at a low pressure 

45 to form a desired aluminium casting. 

The Imprinting may be carried out by machining 
the prefabricated sleeve or by imprinting indentations 
in the sleeve during rolling or fabrication of such 
sleeve. 

so The invention will now be described further, by 

way of example, with reference to the accompanying 
drawings, in which : 

Figure 1 is a perspective view of an iron liner env 
bodying the principles of this invention; 
55 Figure 2 is an enlarged view of the groups of 

grooves taken along the ciroied zone A of Figure 
1; 

Figure 3 is an enlarged sectional view taken ra- 
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dially through the wall of the linen and 

Figure 4 is a sectional elevattonal view of a V-con- 

figuration afuminrum block for an internal conn- 

bustion engine showing the liners cast according 

to the nnethod of this invention. 

Casting in place of iron cylinder liners in an alu- 
minium cylinder block is considered routine when the 
block Is produced by high pressure die casting. Mol- 
ten metal is Injected under high pressure and for a 
short period of time to facilitate the lay-up of the alu- 
minium against the Iron liner. However, for casting 
processes such as gravity or low pressure where 
mould filling occurs over a relatively long period and 
takes place with little or no pressure, the casting-in- 
place of liners is considered extremely difficult This 
invention provides for a unique quDted pattern of 
grooving on the surface of the Iron liner that is to in- 
terface with the aluminium, such pattern promoting 
the flow of molten aluminium against the Iron cylinder 
bore liner surface to overcome the problem of chilling 
and accompanying oxide formation. 

The iron-t>ased liner 20 has a cylindrical body B 
provkled with an outer surface 10 and an inner cylin- 
drical surface 11, and a pattern C imprinted onto the 
outer cylindrical surface 10. which pattern is com- 
prised of crossed groups 12 and 13 of relief grooves 
14. The grooves are effective to uniformly act as nr>ol- 
ten aluminium runners during low pressure casting to 
focHitate laying-up of the aluminium along the entire 
cylindrical surface 10. 

The grooves create a diamond-shaped pattern as 
criss-crossed, the lateral spacing 15 between adja- 
cent grooves being on the order of .20-.30 inch, the 
depth 16 of each of the grooves being In the range 
of .02-.04 inch, and the width 17 of each of the 
grooves being desirat>ly in the range of .02-.04 In- 
ches. The included angle 1 8 between intersecting or 
crossing grooves is in the range of 35-55**. 

The pattern is imprinted on the outer cylindrical 
surface by either machining such pattern as the 
sleeve is rotated, or the pattern may be formed by in- 
dentattons in the liner during rolling or casting of the 
liner itself. The grooves In each of the groups are hel- 
ical about the outer surface of the liner this is advan- 
tageous when placing the liner in an oblique position 
such as shown in Figure 4 for a V-shaped configura- 
tion aluminium block. In such application, one set of 
grooves will be somewhat horizontal with respect to 
a vertical plane 21 and the other set of grooves will 
be closer to the vertical plane as they wrap around 
the outer surface of the liner. 

A casting method deploying such liners compris- 
es: (a) imprinting a cylindrical surface of a Iron-based 
sleeve designed to interface with a cast aluminium 
thereagainst, the sleeve having a quOted pattern of 
shallow grooves with the grooves sized and spaced 
to promote transfer of molten aluminium during a low 
pressure filling of a mould containing the sleeve; and 



(b) planting the liner in such mould and introducing 
aluminium thereagainst at a low pressure to form the 
desired aluminium casting. The pressure employed in 
such method is in the range of 2-5 psi and the tenv 

5 perature of the molten aluminium will be in the range 
of 1 275**F. Due to the pattern of the grooves and their 
critical sizing, the molten aluminium will not drop be- 
low a fluid temperature during filling of the mould and 
will not prematurely freeze in migrating throughout all 

10 of the Interstices of the cylindrical surface of the liner. 

If the grooves are defined to have a depth in ex- 
cess of .04 inch, there will be a tendency for the alu- 
minium to freeze or form a miniscus characteristic of 
problems associated with the prkirart If the depth of 

IS the grooves is less than .02, there Is little likelihood 
that a molten aluminium runner effect will be created. 
If groove spacing is greater than .3 inch, the ability to 
lay aluminium throughout the normal cylindrical sur- 
face is hindered, whereas a spacing between grooves 

20 of less than .20 inch will create difficulty in filling all 
the grooves with molten aluminium because of the 
lack of pressure driving the aluminium through such 
an increased maze of grooves. The ultimate effect of 
this invention achieves essentially 100% lay-up of 

25 aluminium against the iron- based liner after the com- 
pletion of the low pressure casting technique. By "lay- 
up** it is herein meant the amount of intimate contact 
between the outer surface of the iron liner and the 
aluminium barrel that surrounds the liner. 

30 

Claims 

1. A cast-in-place iron-based liner useful in low 
35 pressure casting of hollow aluminium parts, the 

construction comprising, an iron-based cytlndri- 
cal body (B) having a cylindrical surface (10) im- 
printed with a repeating pattern (C) of crossed 
groups (12,13) of relief grooves (14), the path of 

40 each groove being a helbc about said surface 

(1 0). the spacing between said grooves (14) and 
the depth of said grooves being uniformly con- 
trolled to permit the grooves to act as molten alu- 
minium runners during such low pressure casting 

45 facDitating laying-up the aluminium along 8ut>* 

stantlally the entirety of said surface. 

2. A liner as claimed in claim 1, in which said 
grooves each have a depth in the range of .02- 

so .04 inch. 

3. A liner as claimed In claim 1, in which saM 
grooves are spaced from each other a distance In 
the range of .5- .75cm (.20-.30 inch). 

55 

4. A liner as claimed in claim 1 , in which the included 
angle between intersecting groups of grooves is 
in the range of 35-55^ 
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5. A liner as claimed in claim 2. in v/hich the width 
of each of said grooves is in the range of .05- 
.1cm (.02-.04 Inch). 

6. A liner as claimed in claim 1 . tn which said imprint- s 
ed surface is the outer cylindrical surface of said 
liner, and the inner cylindrical surface is smooth. 

7. A liner as claimed in claim 1 , in which said Imprint- 
ed pattern achieves a quilted appearance. io 

8. A method of casting an aluminium cylinder block 
having cast-ln-place iron-based liners, compris- 
ing: 

(a) imprinting a cylindrical surface on each of is 
a plurality of cast iron-based sleeves, each 
sleeve being designed to Interface with cast 
aluminium thereagainst, each sleeve having a 
quilted pattern of shallow grooves sized and 
spaced apart to promote transfer of molten 20 
aluminium during low pressure filling of the 
mould containing said sleeve; and 

(b) planting said sleeve in a mould and intro- 
ducing aluminium thereagalnst at a low pres- 
sure to form a desired aluminium casting. 2S 

9. A method as claimed in claim 8, in which the im- 
printing of step (a) Is carried out by machining the 
cylindrical surface of the prefabricated sleeve or 

by forming indentations in the sleeve cylindrical 30 
surface during rolling or casting to fat>ricate the 
sleeve 

10. A method as claimed in claim 8, in which the cyl- 
indrical surface of said sleeve is the outer surface 35 
thereof and the pattern of grooves extends 
throughout the entire outer surface to achieve 
essentially 100% lay-up of aluminium against 
such surface during step (b). 
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